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(57) ABSTRACT

A robot uses a multi-output differential gear to generate out-
puts. The robot includes a driver; a differential gear config-
ured to receive a driving power from the driver, and to drive in
an interlocked manner with the driving power to generate at
least three outputs differentiated from the driving power; and
amotion section configured to drive in an interlocked manner
with an output generated from the differential gear, and to
apply an external resistance to the differential gear.
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1
ROBOT USING MULTI-OUTPUT
DIFFERENTIAL GEAR

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of priority under 35
U.S.C. §119(a) of Korean Patent Application No. 10-2012-
0119369, filed on Oct. 26, 2012, in the Korean Intellectual
Property Office, the entire disclosure of which is incorporated
herein by reference for all purposes.

BACKGROUND

1. Field

The following description relates to a robot using a multi-
output differential gear, for example, a robot using a multi-
output differential gear capable of generating a plurality of
outputs using one driver and of changing each output flexibly
according to changes in movement paths.

2. Description of Related Art

Plumbing facilities are one of various infrastructures in
industries, and are being established as supply routes for
various energy resources as they are being distributed here
and there nationwide like blood vessels in a human body.
However, these plumbing facilities are mostly buried under-
ground, and thus there is much difficulty in inspecting and
replacing them when the inner walls are corroded after a
certain period of time or damaged by external environmental
conditions.

As such, plumbing facilities are continuously wearing out,
and various defects that occur in this process are causing
small and large plumbing related accidents every year. How-
ever, insufficient manpower and technology makes it difficult
to conduct systematic and regular inspections on the plumb-
ing facilities.

In this regard, robots that are capable of inspecting inside
the plumbing have been developed, and various researches
are being conducted as well. However, conventional robots
had to be equipped with a driver (actuator) for every wheel to
adjust the movement state of each wheel separately according
to the shape ofthe plumbing, thereby increasing the size of the
robots.

As aresult, there is a necessity for robots capable of adjust-
ing the speed of each motion section according the shape of
the plumbing using just one driver.

SUMMARY

Therefore, a purpose of the present disclosure is to resolve
the aforementioned problems of prior art, that is, to provide a
robot using a multi-output differential gear, the robot capable
of generating a plurality of outputs through one driver and
transmitting the generated outputs to each motion section.

Another purpose of the present disclosure is to provide a
robot using a multi-output differential gear that can drive
stably even when there are changes in movement paths.

In one general aspect, there is provided a robot using a
multi-output differential gear, the robot comprising: a driver;
a differential gear configured to receive a driving power from
the driver, and to drive in an interlocked manner with the
driving power to generate at least three outputs differentiated
from the driving power; and a motion section configured to
drive in an interlocked manner with an output generated from
the differential gear, and to apply an external resistance to the
differential gear.
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In the general aspect of the robot, the differential gear may
comprise: a first output gear configured to receive a driving
power from the driver and to generate a first output having a
different rotary speed from the driver when receiving an
external resistance, and a middle gear configured to drive in
an interlocked manner with the first output gear to generate a
middle output; and a second differential gear configured to
receive the middle output from the first differential gear and to
generate a second output having a different rotary speed from
the middle output when receiving an external resistance, and
a third output gear configured to drive in an interlocked man-
ner with the second output gear to generate a third output
having a different rotary speed from the second output.

In the general aspect of the robot, the first output gear may
be provided with sawteeth in its inner circumference, the
middle gear may be provided inside of and distanced from the
first output gear, and the first differential gear may further
comprise a plurality of first epicyclic gears configured to
engage an inner circumference of the first output gear and an
outer circumference of the middle gear at the same time.

In the general aspect of the robot, the second output gear
and third output gear may be provided with sawteeth in their
inner circumferences, and the second differential gear may
further comprise a plurality of second epicyclic gears engag-
ing an inner circumference of the second output gear and
driving in an interlocked manner with the second output gear;
and a third epicyclic gear engaging an inner circumference of
the second epicyclic gear and third output gear at the same
time to rotate in an interlocked manner with the second epi-
cyclic gear and third output gear.

In the general aspect of the robot, at least one of the first
output gear, second output gear, and third output gear may be
provided with sawteeth in its outer circumference, and the
sawteeth provided in an outer circumference of at least one of
the first output gear, second output gear, and third output gear
may drive in an interlocked manner with the motion section to
receive an external resistance.

In the general aspect of the robot, the motion section may
comprise a first motion section configured to drive in an
interlocked manner with the first output gear and apply an
external resistance to the first output gear, a second motion
section configured to drive in an interlocked manner with the
second output gear and apply an external resistance to the
second output gear, and a third motion section configured to
drive in an interlocked manner with the third output gear and
receive a third output from the second output gear.

In the general aspect of the robot, the motion section may
consist of three motion sections each distanced by 120° from
one another around a central axis of the differential gear.

In the general aspect of the robot, at least one of the first
motion section, second motion section, and third motion sec-
tion may consist of a pair of motion sections extended from an
outer surface of the differential gear and distanced from each
another along a longitudinal direction of the differential gear.

In the general aspect of the robot, the robot may further
comprise a body section mounted to an outer surface of the
differential gear to protect the differential gear.

In the general aspect of the robot, the robot may further
comprise a camera module mounted to a front portion of the
body section.

In the general aspect of the robot, the robot may further
comprise a buffering section between the motion section and
the differential gear, the buffering section configured to adjust
a distance between the motion section and the differential
gear so that the motion section in order to keep the motion
section contacting the motion surface.
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In the general aspect of the robot, the robot may further
comprise a buffering adjuster interlocked with the buffering
section and adjusts an initial distance between the motion
section and the differential gear.

Other features and aspects may be apparent from the fol-
lowing detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a robot using a multi-output
differential gear according a first exemplary embodiment of
the present disclosure.

FIG. 2 is a schematic skewed view of a differential gear of
a robot using a multi-output differential gear of FIG. 1.

FIG. 3 is an exploded schematic skewed view of a differ-
ential gear of a robot using a multi-output differential gear.

FIG. 4 is a schematic plane view of a first differential gear
of a robot using a multi-output differential gear.

FIG. 5 is an exploded schematic skewed view of a second
differential gear of a robot using a multi-output differential
gear.

FIG. 6 is a schematic cross-sectional view illustrating a
relationship of a second differential gear of a robot using a
multi-output differential gear.

FIG. 7 is an experiment graph of speeds differentiated by a
differential gear in a robot using a multi-output differential
gear of FIG. 1.

FIG. 8 is a schematic plane view of a robot using a multi-
output differential gear of FIG. 1.

FIG. 9 is a schematic skewed view illustrating a relation-
ship between a driver and a differential gear in a robot using
a multi-output differential gear of FIG. 1.

FIG. 10 is a schematic front view illustrating how an initial
position of a motion section is adjusted by a buffering adjuster
in a robot using a multi-output differential gear of FIG. 1.

FIG. 11 is schematic skewed view illustrating a connection
relationship between a differential gear and a motion section
in a robot using a multi-output differential gear of FIG. 1.

FIG. 12 is a schematic plane view of a robot using a multi-
output differential gear according to a second exemplary
embodiment of the present disclosure.

FIG. 13 is a schematic skewed view of a differential gear in
a robot using a multi-output differential gear of FIG. 12.

FIG. 14 is a schematic exploded skewed view of a differ-
ential gear in a robot using a multi-output differential gear of
FIG. 12.

Throughout the drawings and the detailed description,
unless otherwise described, the same drawing reference
numerals will be understood to refer to the same elements,
features, and structures. The relative size and depiction of
these elements may be exaggerated for clarity, illustrating,
and convenience.

DETAILED DESCRIPTION

The following detailed description is provided to assist the
reader in gaining a comprehensive understanding of the meth-
ods, apparatuses, and/or systems described herein. Accord-
ingly, various changes, modifications, and equivalents of the
systems, apparatuses and/or methods described herein will be
suggested to those of ordinary skill in the art. Also, descrip-
tions of well-known functions and constructions may be
omitted for increased clarity and conciseness.

Hereinbelow is a detailed explanation on a robot using a
multi-output differential gear according to first exemplary
embodiment of the present disclosure 100 with reference to
the drawings.
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For convenience of explanation, the following explanation
is based on an assumption that a robot using a multi-output
differential gear according to a first exemplary embodiment
of'the present disclosure 100 is an in-pipe robot configured to
move inside a pipe.

However, a robot using a multi-output differential gear
according to a first exemplary embodiment of the present
disclosure 100 is not limited to in-pipe robots, but may also be
utilized in various ways for robots configured to enter an inner
space that may not easily be entered by humans to inspect for
destruction of the inner space, to transport a certain item to the
inner space, or to fix the inner space etc.

FIG. 1 is a schematic skewed view of a robot using a
multi-output differential gear according to a first exemplary
embodiment of the present disclosure, FIG. 2 is a schematic
skewed view of a differential gear of a robot using a multi-
output differential gear of FIG. 1, FIG. 3 is a schematic
exploded skewed view of a differential gear of a robot using
a multi-output differential gear of FIG. 1, FIG. 4 is a sche-
matic plane view of a first differential gear of a robot using a
multi-output differential gear of FIG. 1, FIG. 5 is an exploded
schematic skewed view of a second differential gear ofarobot
using a multi-output differential gear of FIG. 1, FIG. 6 is a
schematic cross-sectional view of a combination relationship
of a second differential gear of a robot using a multi-output
differential gear of FIG. 1, FIG. 7 is an experiment graph
conducted for speeds differentiated by a differential gear in a
robot using a multi-output differential gear of FIG. 1, FIG. 8
is a schematic plane view of a robot using a multi-output
differential gear of FIG. 1, FIG. 9 is a schematic skewed view
illustrating a connection relationship between a driver and a
differential gear in a robot using a multi-output differential
gear of FIG. 1, FIG. 10 is a schematic front view illustrating
how an initial position of a motion section is adjusted by a
buffering adjuster in a robot using a multi-output differential
gear of FIG. 1, and FIG. 11 is schematic skewed view illus-
trating a connection relationship between a differential gear
and a motion section in a robot using a multi-output differen-
tial gear of FIG. 1.

With reference to FIGS. 1 to 11, in a robot using a multi-
output differential gear according to the first exemplary
embodiment of the present disclosure 100, each output gear
of the multi-output differential gear 120 in an interlocked
manner regarding one another to adjust the speed even when
there exists an element that changes a movement path inside
a pipe, thereby enabling stable driving. The robot 100 com-
prises a driver 110, differential gear 120, motion section 150,
body section 160, camera module 170, buffering section 180,
and buffering adjuster 190.

The driver 110 applies a driving power to a robot using a
multi-output differential gear according to the first exemplary
embodiment of the present disclosure 100. In this exemplary
embodiment 100, a belt is used to transmit the driving power
from the driver 110 to the differential gear 120 which will be
explained hereinafter, but this is not limited to a belt, but the
driver 110 and the differential gear 120 may directly engage
each other so that the driving power may be transmitted from
the driver 110 to the differential gear 120. Meanwhile, the
driver according to the first exemplary embodiment of the
present disclosure 100 is a well known technology, and thus
detailed explanation thereof is omitted.

With reference to FIGS. 2 to 6, the differential gear 120
may receive the driving power from the driver 110 and trans-
mit the driving power to three output gears, and an external
resistance applied to a motion section 150 which will be
explained hereinafter may cause a differential motion to
occur. A robot using a multi-output differential gear accord-
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ing to the first exemplary embodiment of the present disclo-
sure 100 comprises a first differential gear 130 and a second
differential gear 140, and it is desirable that the first differen-
tial gear 130 and the second differential gear 140 have the
same central axis 105.

The first differential gear 130 transmits the driving power
received from the driver 110 to the motion section 150, and
when an external resistance is applied from the motion sec-
tion 150, each gear of the first differential gear 130 drives in
an interlocked manner and generates a first output having a
different rotary speed from the driving power applied from
the driver 110 and transmits the generated first output to the
motion section 150. In addition, a middle output having a
reduced rotary speed than the driving power is transmitted
from a middle gear 133 to the second differential gear 140.
The first differential gear 130 according to the first exemplary
embodiment of the present disclosure comprises a first output
gear 131, three first epicyclic gears 132, and a middle gear
133.

Meanwhile, the first differential gear 130 may further com-
prise a drive transmitter 115 configured to receive the driving
power from the driver 110 and transmit the driving power to
the first epicyclic gear 132. The drive transmitter 115 may
comprise, but is not limited to, a spur gear provided at one end
that is adjacent to the driver 110 to receive the driving power
from the driver 110.

That is, the first differential gear 130 generates a first output
having a different rotary speed from the driving power at the
same time of receiving the external resistance from the
motion section 150, and generates a middle output having a
reduced rotary speed than the driving power. Herein, the
extent of reduction of the rotary speed depends on the gear
ratio of the differential gears. That is, in the case where the
first output gear 131 is interlocked with the middle gear 132,
the first output that is transmitted to the middle gear 133 is
equivalent to the ratio of the number of sawteeth provided in
an inner circumference of the first output gear 131 to the
number of sawteeth of the middle gear 133. This will be
explained in further detail hereinafter in the description about
an operating method according to a first exemplary embodi-
ment of the present disclosure.

The first output gear 131 has sawteeth in its inner circum-
ference and outer circumference, and the sawteeth of the
inner circumference engage the first epicyclic gear 132, and
the sawteeth of the outer circumference receives the external
resistance and transmits a first output to a first motion section
151 that will be explained hereinafter. That is, the sawteeth of
the outer circumference drive in an interlocked manner with
the external resistance at same time of receiving the external
resistance, to transmit the first output having a different rotary
speed from the driving power to the first motion section 151.

The first epicyclic gear 132 engages the inner circumfer-
ence of the first output gear 131, such that three of them are
disposed around a central axis 105 of the first differential gear
130 at 120° from one another. The first epicyclic gear 132
transmits the first output where the external resistance
received from the first output gear 131 has been considered to
the middle gear 123 that will be explained hereinafter. How-
ever, the number or disposition of the first epicyclic gears 132
is not limited to the present disclosure, but may be selected
when necessary.

The middle gear 133 does not rotate when there is no
external resistance, whereas when an external resistance is
received, the middle gear 133 drives in an interlocked manner
with the first output gear 131 and transmits a middle output
having a reduced rotary speed than the driving power to the
second differential gear 140.
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Regarding the combination relationship of the first differ-
ential gear 130, with reference to FIG. 4, each of the three first
epicyclic gears 132 engage the inner circumference of the first
output gear 131, and the middle gear 133 is disposed inside
the first epicyclic gears 132 such that the first epicyclic gears
132 engage the outer circumference. In other words, the three
first epicyclic gears 132 engage the outer circumference of the
middle gear 133, and the first output gear 131 is disposed such
that the sawteeth formed in the inner circumference engage
the first epicyclic gears 132. Herein, it is desirable that the first
output gear 131 has the same central axis 105 as the middle
gear 133.

As aforementioned, according to the first exemplary
embodiment of the present disclosure, drive transmitters
115a, 1156 may be formed between the driver 110 and the
first differential gear 130, so as to secure the position such that
each of the first epicyclic gears 132 rotates individually,
thereby performing a middle role so as to transmit the driving
power from the driver 110 to the first epicyclic gears 132, but
this is not limited thereto.

With reference to FIG. 5, the second differential gear 140
receives the middle output from the middle gear 133 and
generates an output outside through the second output gear
141 and the third output gear 142, and when an external
resistance is received from the motion section 150, the gears
of the second differential gear 140 drive in an interlocked
manner to generate a second output having a different rotary
speed from the middle output and a third output having a
different rotary speed than the second output through the
second output gear 141 and the third output gear 142. The
second differential gear 140 according to the first exemplary
embodiment of the present disclosure comprises a second
output gear 141, third output gear 142, second epicyclic gear
143 and third epicyclic gear 144.

When an external resistance is not received from a second
motion section 152 or third motion section 153 to be
explained hereinafter, the same output as the middle output is
generated through each of the second output gear 141 and the
third output gear 142, and whereas when an external resis-
tance is received from the second output gear 141 or the third
output gear 142, a second output having a different rotary
speed from the middle output is generated through the second
output gear 141, and the third output gear 142 drives in an
interlocked manner with the second output gear 141 to gen-
erate a third output differentiated from the second output.

Furthermore, when there is no middle output and when an
external resistance is transmitted towards the second output
gear 141, the second output gear 141, second epicyclic gear
143 and third epicyclic gear 144 drive in an interlocked man-
ner, thereby rotating the third output gear 142 in an opposite
direction to the rotating direction of the second output gear
141.

The second output gear 141 is provided with sawteeth in its
inner and outer circumferences, and the sawteeth of the inner
circumference engage the second epicyclic gear 143, and the
sawteeth of the outer circumference transmit the second out-
put to the second motion section 152. That is, the sawteeth
formed in the outer circumference of the second output gear
141 drive in an interlocked manner with the external resis-
tance at the same time of receiving the external resistance
from the second motion section 152, transmitting the second
output having a different rotary speed than the middle output
to the second motion section 152.

The third output gear 142 is provided with sawteeth in its
inner and outer circumferences, and the sawteeth of the inner
circumference engage the third epicyclic gear 144, whereas
the sawteeth of the outer circumference transmit the third
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output to the third motion section 153. That is, the sawteeth
formed in the outer circumference of the third output gear 142
drive in an interlocked manner with the external resistance at
the same time of receiving the external resistance from the
third motion section 153, transmitting the third output having
a different rotary speed than the driving power to the third
motion section 153.

Three second epicyclic gears 143 engage the inner circum-
ference of the second output gear 141 and each of the third
epicyclic gears 144, such that they are arranged at 120° from
one another around the central axis 105 of the second differ-
ential gear 140. The second epicyclic gears 143 transmit the
external resistance received from the second output gear 141
to the third epicyclic gears 144 to be explained hereinafter.
However, the number and arrangement of the second epicy-
clic gears 143 are not limited to the present disclosure, but
may obviously be selected when necessary.

The three third epicyclic gears 144 engage the inner cir-
cumference of the third output gear 142 and the second epi-
cyclic gear 143, such that they are arranged at 120° from one
another around the central axis 105 of the second differential
gear 140. The third epicyclic gear 144 transmits the external
resistance received from the third output gear 142 to the
second epicyclic gear 143. Meanwhile, it is desirable that the
number and arrangement of the third epicyclic gears 144 are
selected in accordance with the second epicyclic gears 143.

An external resistance may be received from the second
motion section 152 and the third motion section 153 at the
same time, in which case the second output gear 141, third
output gear 142, second epicyclic gear 143 and third epicyclic
gear 144 drive in an interlocked manner to one another, and
this can be regarded as the external resistances received from
the second motion section 152 and the third motion section
153 as being offset or reinforced by one another, which is the
same as the external resistance being received in one of the
second motion section 152 and third motion section 153.

As illustrated in FIG. 5 or FIG. 6, regarding the combina-
tion relationship of the second differential gear 140, the saw-
teeth formed in the inner circumference of the second output
gears 141 engage the second epicyclic gears 143 each of
which engages its corresponding third epicyclic gear 144.
Furthermore, the third epicyclic gears 144 engage the saw-
teeth formed in the inner circumference of the third output
gear 142. However, since only a portion of the second epicy-
clic gear 143 and a portion of the third epicyclic gear 144
engage each other, it does not mean that the second epicyclic
gear 143 and the third output gear 142 directly engage each
other or that the third epicyclic gear 144 and the second output
gear 141 directly engage each other. However, even by this
combination, it is desirable that the second output gear 141
and the third output gear 142 are disposed such that they are
distanced from each other.

Meanwhile, according to the first exemplary embodiment
of the present disclosure 100, it is desirable that a middle
output transmitter 145a, 1455 is formed between the first
differential gear 130 and the second differential gear 140. The
middle output transmitter 145a, 14556 is connected to the
middle gear 133 and secures the position of the second epi-
cyclic gears 143 and third epicyclic gears 144 such that each
of them may rotate separately from one another, and, when a
middle outputis generated, performs a role of transmitting the
middle output to the second epicyclic gear 143.

The motion section 150 drives in an interlocked manner
with the output gears, and rotates as it receives the output
from the output gears, and receives the external resistance
generated during the movement and transmits the generated
external resistance to each output gear. The motion section
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150 according to the first exemplary embodiment of the
present disclosure comprises a first motion section 151, a
second motion section 152, and a third motion section 153.

With reference to FIG. 11, the first motion section 151
rotates as it receives a driving power or a first output from the
first output gear 131, and when a cause for external resistance
such as that there is formed a motion section in a movement
path inside the pipe, transmits the external resistance to the
first output gear 131.

According to the first exemplary embodiment of the
present disclosure 100, the first motion section 151 consists of
a pair of wheels so as to support both ends of the robot 100,
one of which 151a is extended from a first intersection 161 of
the body section 160 that will be explained hereinafter and is
disposed obliquely towards the front of the differential gear,
and the other 1515 disposed obliquely towards the rear of the
differential gear.

Meanwhile, by way of example, the first motion section
151 according to the first exemplary embodiment of the
present disclosure 100 may comprise a first output direction
converter 1511, a first wheel 1512, and a first belt 1513. The
first output direction converter 1511 may comprise two bevel
gears disposed at the body section 160 such that they face
each other at a first intersection 161 where two first motion
sections 151 intersect and engage the bevel gear of the first
output transmitting gear 154, and a spur gear disposed
between the two bevel gears to rotate together with the bevel
gears. The first wheel 1512 may comprise a spur wheel pro-
vided between the two wheels facing each other so as to rotate
together with the two wheels. The first belt 1513 connects the
spur gear of the first out direction converter 1511 and the spur
gear of the first wheel 1513 so that the two spur gears can drive
in an interlocked manner.

The first output gear 131 engages the spur of the first output
transmitting gear 1511, and the bevel gear of the first output
transmitting gear 1511 is extended up to the first intersection
and engages the bevel gear of the first output direction con-
verter 1512.

Furthermore, the spur gear of the first output direction
converter 1512 and the spur gear of the first wheel 1513 are
connected to each other by the first belt 1514 so as to drive in
an interlocked manner.

However, such a configuration is an example of a structure
configured such that an output is transmitted from the difter-
ential gear 120 to the motion sector 150 according to the first
exemplary embodiment of the present disclosure 100, and
thus there is no limitation thereto.

Meanwhile, an operating method of the first motion section
151 will be explained in detail in the description on the first
exemplary embodiment of the present disclosure 100 that will
be explained hereinafter, and thus further detail is omitted.

The second motion section 152 and the third motion sec-
tion 153 have the same configuration as the first motion
section 151, and thus explanation on further detail is omitted,
except that the second motion section 152 receives the second
output and transmits the external resistance through the sec-
ond output gear 141, and the third motion section 153 receives
the third output and transmits the external resistance through
the third output gear 142.

Furthermore, the first motion section 151, second motion
section 152 and third motion section 153 according to the first
exemplary embodiment of the present disclosure 100 are
distanced by 120° from one another around the central axis of
differential gear 120, the motion sections 151a, 152a, 1534
are disposed in the front 105 of'the differential gear 120 on the
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same concentric circle, and the motion sections 15154, 1525,
1534 are disposed in the rear of the differential gear 120 are on
the same concentric circle.

Furthermore, it is desirable that the diameter of the con-
centric circle formed by the motion sections 151a, 152a,153a
disposed in the front of the differential gear 120 is identical as
the diameter of the concentric circle formed by the motion
sections 1515, 1525, 1535 disposed in the rear of the differ-
ential gear 120.

However, there is no limitation to the aforementioned dis-
position, and thus the disposition may be changed according
to the user’s intentions.

With reference to FIG. 8, the body section 160 is mounted
to the outer surface of the differential gear 120 to protect and
support the differential gear 120. That is, the body section 160
is provided with the differential gear 120 in its inside and a
motion section 150 in its outside so as to enable an efficient
process of transmitting an output from the differential gear
120 to the motion section 150 or from the motion section 150
to the differential gear 120.

With reference FIG. 8, the camera module 170 is provided
in the front of the body section 160 to photograph an envi-
ronment of the movement path of the robot. That is, the
camera module 170 informs the user whether the path inside
the pipe is a bent or straight etc.

With reference to FIG. 8 or FIG. 10, the buffering section
180 is connected to the motion section 150, and adjusts the
distance between the motion section 150 and the differential
gear 120 so as to keep the motion section 150 in contact with
the inner wall of the pipe. According to the first exemplary
embodiment of the present disclosure 100, the buffering sec-
tion 180 adjusts the distance between the motion section 150
and the differential gear 120 according to changes of the
movement path inside the pipe by adjusting the angle between
the motion section 150 and the central axis 105 of the differ-
ential gear 120, but there is no limitation thereto.

That is, in the case where inside of the pipe is straight, the
motion section 150 and the inside wall of the pipe can be kept
contacting each other without having to adjust the distance
between the motion section 150 and the differential gear 120.
However, when inside the pipe is bent, the distance between
the motion section 150 and the differential gear 120 has to be
adjusted in order to keep the motion section 150 and the inner
wall of the pipe contacting each other. According to the first
exemplary embodiment of the present disclosure 100, the
buffering section 180 is, but is not limited to, a spring damper.

With reference to FIG. 10, the buffering adjuster 190
adjusts the buffering section 180 to adjust the initial distance
between the motion section 150 and the differential gear 120.
According to the first exemplary embodiment of the present
disclosure 100, the buffering adjuster 190 may comprise a
ball screw 191 provided along the central axis 105 of the
differential gear 120 and a buffering connector 192 config-
ured to move along the ball screw 191 and connected to one
side of the buffering section 180, and adjusts the position of
the buffering connector 192 along the ball screw 191 so as to
adjust the initial distance between the motion section 150 and
the differential gear 120.

Regarding the combination relationship between the
motion section, buffering section 180 and buffering adjuster
190 according to the first exemplary embodiment of the
present disclosure 100, a buffering adjuster 190 is disposed
inside the body section 160 around the central axis 105 of the
differential gear 120, and each buffering section 180 is com-
bined with the buffering connector 192 at its one end, the
other end being connected to the first motion section 151,
second motion section 152, and third motion section 153. In
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the buffering adjuster 190, when the buffering connector 192
moves along the ball screw 191, the angle of the first motion
section 151, second motion section 152, and third motion
section 153 connected to the buffering section 180 and the
central axis of the differential gear 120 either increases or
decreases. That is, the length of the motion section 150 is
constant, but the angle between the motion section and the
central axis 105 changes, thereby changing the distance
between the differential gear 120 and the motion section 150.

In addition, it is possible to adjust the number of the buft-
ering adjuster 190 according to the number of the motion
sections 150 that drive in an interlocked manner with the
buffering adjuster 190, but it is desirable to have one buffering
adjuster 190 considering the size of the robot.

However, the buffering adjuster 190 is not limited to such
a buffering adjuster 190 explained in the first exemplary
embodiment of the present disclosure 100, but may obviously
be formed differently depending on the user’s intentions.

Hereinbelow is explanation on an operation of a robot
using such a multi-output differential gear mentioned above
according to a first exemplary embodiment 100.

First of all, hereinbelow is explanation on an operation of
the differential gear 120, where a driving power and external
resistance is received, a differentiation is made, and the dif-
ferentiated output value is transmitted to the motion section
150.

First of all, hereinbelow is explanation on an operation of
the first differential gear 130. In the case where an external
resistance is not transmitted from the first motion section 151
to the first output gear 131, the driving power transmitted
from the driver 110 is transmitted to the first epicyclic gear
132 by the drive transmitter 115a, 1155, and the first epicyclic
gear 132 rotates the first output gear 131 in the same rotation
direction as that of the driver 110 as it rotates along the outer
circumference of the middle gear 133. Herein, the rotary
speed depends on the ratio of the number of sawteeth of the
first output gear 131 and the number of sawteeth of the first
epicyclic gear 132.

In this case, the middle gear 133 is at a still state, and thus
the middle output value is 0. The second differential gear 140
also falls at a still state if there is no external resistance
received.

However, when an external resistance is transmitted to the
first output gear 131, the first output gear 131 generates a first
output having a rotary speed different from the rotary speed of
the external power, and the gears of the first differential gear
130 drive in an interlocked manner, generating a middle out-
put in the middle gear 133. Accordingly, the middle gear 133
performs the function of differentiation regarding the external
power.

Meanwhile, regarding an operation method of the second
differential gear 140, if the middle output transmitted to the
second differential gear 140 is 0, the second output and third
output by the second output gear 141 and the third output gear
142 are affected by whether or not an external resistance is
transmitted. When there is no external resistance received, a
middle output is not transmitted to the second differential
gear 140, and thus neither a second output or third output is
generated, but when an external resistance is transmitted to
the second output gear 141 or the third output gear 142, the
second output gear 141 and third output gear 142 would rotate
in an interlocked manner, generating a second output and a
third output.

Herein, if a middle output is transmitted to the second
differential gear 140 and an external resistance is transmitted
to the second output gear 141, the second output gear 141
would generate a second output having a rotary speed differ-
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ent from that of the middle output, and the third output gear
142 that drives in an interlocked manner with the second
output gear 141 would generate a third output having a rotary
speed different from that of the second output.

On the other hand, even when an external resistance is
transmitted to the third output gear 142, the third output gear
142 would perform the same operations as in the case where
an external resistance is transmitted to the second output gear.
And when an external resistance is transmitted to both the
second output gear 141 and the third output gear 142, the
external resistance would be offset or reinforced, and thus the
second output gear and third output gear would operate in the
same manner as in the case where an external resistance is
transmitted to only one of the second output gear 141 and
third output gear 142. That is, both the second output gear 141
and the third output gear 142 perform the function of difter-
entiation.

The first output gear 131, second output gear 141, and third
output gear 142 may have different rotary speed depending on
the number of sawteeth of the gears that are interlocked, but
may rotate in the same rotation direction. If the three output
gears must rotate in the same direction at the same speed, the
relative speed of the gears inside would be 0, but if each of the
three output gears must rotate at a different speed from one
another, that is, if the output gears perform the function of
differentiation, the relative speed of each output gear would
differ from one another. This could be explained by the math-
ematical formula below.

Herein, o, represents the rotary speed of the driving power
transmitted from the driver 110, w, represents the rotary
speed of the first output gear 131, w; represents the rotary
speed of the second output gear 141, w, represents the rotary
speed of the third output gear 142, w,,, represents the relative
speed of the middle gear 133 to the driving power, and wg,,
represents the relative speed of the second epicyclic gear 143
to the middle gear 133. Furthermore, n; represents the num-
ber of sawteeth of the first output gear 131, n, represents the
number sawteeth of the middle gear 133, and n; represents the
number of sawteeth of the first epicyclic gear 132. Further-
more, ng represents the number of sawteeth of the second
epicyclic gear 143, ns represents the number of sawteeth of
the second output gear 141, n, represents the number of
sawteeth of the third epicyclic gear 144, and ng represents the
number of sawteeth of the third output gear 142.

First of all, the speed of the first output gear, m,, the speed
of'the second output gear, w5, and the speed of the third output
gear, mg, are shown in lines, while the rotary speed of the
external power, ,, the relative speed of the middle gearto the
external power, w,,, and the relative speed of the second
epicyclic gear to the middle gear, wg,,, are shown in dots that
are connected. With reference to FIG. 7, it can be seen that
differentiations are made as the relative speeds of the gears
change according to 6.

Hereinafter is explanation on an operation of a robot using
a multi-output differential gear according to an exemplary
embodiment of the present disclosure based on the operation
of the aforementioned differential gear 120.
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First of all, when the path inside the pipe is straight, it can
be assumed that there is no external resistance, and thus a first
output of the same size of the driving power is transmitted
from the first output gear 131 to the first motion section 151.
Herein, since a second and third output are not generated from
the second output gear 141 and third output gear 142, the
second motion section 152 and third motion section 153
rotate at the same rotating speed as the first motion section.

Next, when the path inside the pipe is bent or has an
obstacle and an external resistance is generated, the external
resistance is transmitted from at least one of the first motion
section 151, second motion section 152, and third motion
section 153, and the rotary speed of each motion section 150
will differ according to the operation of the aforementioned
differential gear 120.

Regarding the operation of the motion section 150 based on
the case of the first motion section 151 according to a first
exemplary embodiment of the present disclosure 100, with
reference to FIG. 11, when the first output gear 131 rotates as
it receives a driving power from the driver 110, the spur gear
of'the first output transmitting gear 154 rotates together with
the first output gear 131, thereby rotating the bevel gear of the
first output transmitting gear 154. Accordingly, the two bevel
gears and the spur gear of the first output direction converter
1511 provided in the first intersection 161 rotate, and the spur
gear of the first output direction transmitter 511 and the spur
gear of the first wheel 1512 connected by the first belt 1513
also rotate together. And thus, the wheels of the first wheel
1512 rotate as well.

In addition, such an operation is made in the same manner
in the second motion section 152 and third motion section 153
as well.

Meanwhile, with reference to FIG. 10, due to the curve
inside the pipe, inertia is applied to the robot 100, and to
correct this, the buffering section 180 operates individually.
That is, when an inertia is applied to the robot 100 in the
direction in which a centrifugal force is applied, the pipe wall
in the subject direction and the robot 100 become close to
each other, and thus the buffering section 180 connected to the
motion section is compressed and compensates for the dis-
tance, and the buffering section 180 connected to the motion
section formed in the opposite direction is loosened and com-
pensates for the distance, thereby keeping the robot 100 and
the inner wall of the pipe contacting each other even in such
a bent pipe.

Furthermore, it is possible to adjust the buffering adjuster
190 in accordance with the inner diameter of the pipe to adjust
the distance between the differential gear 120 and the motion
section 130, so that the diameter of the concentric circle
formed from each motion section 150 is at least the inner
diameter of the pipe.

Next, hereinafter is explanation on a robot using a multi-
output differential gear according to a second exemplary
embodiment of the present disclosure.

FIG. 12 is a schematic plane view of a robot using a multi-
output differential gear according to an second exemplary
embodiment of the present disclosure, FIG. 13 is a schematic
skewed view of a differential gear in a robot using a multi-
output differential gear of FIG. 12, and F1G. 14 is an exploded
schematic skewed view of a differential gear in a robot using
a multi-output differential gear of FIG. 12.

With reference to FIGS. 12 to 14, a robot using a multi-
output differential gear according to a second exemplary
embodiment of the present disclosure 200 comprises a driver
110, differential gear 220, motion section 250, body section
160, camera module 170, buffering section 280, and buffering
adjuster 190.
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The driver 110, body section 160, camera module 170, and
buffering adjuster 190 are identical to those of the first exem-
plary embodiment of the present disclosure 100, and thus
detailed explanation thereof is omitted.

The first differential gear 230 comprises a first output gear
231, three epicyclic gears 232, afirst middle gear 233, a fourth
output gear 234, three fourth epicyclic gears 235, and a sec-
ond middle gear 236. Furthermore, there may be provided,
but is not limited to, a first middle output transmitter 245a,
245b between the first middle gear 233 and the fourth epicy-
clic gear 234 to transmit the first middle output to the fourth
epicyclic gear 235.

Furthermore, there may be provided, but is not limited to,
a second middle output transmitter 246a, 2465 between the
second middle gear 236 and the second epicyclic gear 143 to
transmit the second middle output from the second middle
gear 236 to the second epicyclic gear 143.

Regarding the disposition of the first differential gear 230,
the first differential gear 230 according to the second exem-
plary embodiment 200 comprises two first differential gears
130 of the first exemplary embodiment 100 disposed adja-
cently to each other. That is, in the second exemplary embodi-
ment 200, a third differential gear having the same configu-
ration as the first differential gear 130 is disposed between the
first differential gear 130 and the second differential gear 140
of the first exemplary embodiment 100.

The motion section 250 drives in an interlocked manner
with the first output gear 231, second output gear 141, third
output gear 142, and fourth output gear 234. They rotate as
they receive outputs from each of the output gears, and then
receive the external resistance generated by the rotation and
transmit the same to each of the output gears. The motion
section 250 according to the second exemplary embodiment
of'the present disclosure 200 comprises a first motion section
251, second motion section 252, third motion section 253,
and fourth motion section 254.

According to the second exemplary embodiment 200 of the
present disclosure, the four motion sections 251, 252, 253,
254 are disposed, but are not limited to, such that each of them
is distanced by 90° from one another around the central axis
105 of the differential gear 220. Meanwhile, regarding the
motion sections, everything is the same as in each motion
section 150 of the first exemplary embodiment besides the
disposition relationship, and thus further detailed explanation
is omitted.

There are provided four buffering sections 280 so as to
correspond to the four motion sections, but beside this, every-
thing regarding the buffering section is the same as in the first
exemplary embodiment 100, and thus further detailed expla-
nation is omitted

Regarding the overall shape of a robot using a multi-output
differential gear, compared to the first exemplary embodi-
ment 100, in the second exemplary embodiment 200, the
differential gear 220 has four output gears, and thus there are
provided four motion sections 250 and four buffering sections
280 so as to correspond thereto.

Of course, the first differential gear 230 may comprise
three or more output gears, additional epicyclic gears and
middle gears, and additional motion sections and buffering
sections corresponding thereto.

Hereinbelow is explanation on an operation method of a
robot using a multi-output differential gear according to the
second exemplary embodiment of the present disclosure 100.

The operation method of the second differential gear 240 is
the same as in the first exemplary embodiment 100, except
that the number of elements of the motion sections and buff-
ering sections 280 increased.
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Hereinafter is explanation on the operation of the first
differential gear 230. The process of generating a driving
power and a first middle output from the driver 110 to the first
middle gear 233 is the same as in the first exemplary embodi-
ment 100.

First, when a first middle output is generated from the first
middle gear 223, it is transmitted to the fourth epicyclic gear
235 that drives in an interlocked manner with the first middle
gear 223 by the second middle output transmitter. The first
middle output transmitted to the fourth epicyclic gear 235 is
converted into a second middle output in the second middle
gear 236 depending on whether or not an external resistance
is transmitted from the fourth output gear 234 as the fourth
epicyclic gear 235, fourth output gear 234, and second middle
gear 236 drive in an interlocked manner.

When an external resistance is transmitted to the fourth
output gear 234, and a second middle output is generated
from the second middle gear 236, such a second middle
output is transmitted to the second differential gear 240, driv-
ing the second differential gear 240. The operation of the
second differential gear 240 thereafter is the same as in the
first exemplary embodiment 100, and thus further detailed
explanation is omitted.

A number of examples have been described above. Never-
theless, it will be understood that various modifications may
be made. For example, suitable results may be achieved if the
described techniques are performed in a different order and/or
if components in a described system, architecture, device, or
circuit are combined in a different manner and/or replaced or
supplemented by other components or their equivalents.
Accordingly, other implementations are within the scope of
the following claims.

DESCRIPTION OF REFERENCE NUMERALS

100: ROBOT USING MULTI-OUTPUT DIFFEREN-
TIAL GEAR ACCORDING TO FIRST EXEMPLARY
EMBODIMENT

110: DRIVER

120: DIFFERENTIAL GEAR

130: FIRST DIFFERENTIAL GEAR

140: SECOND DIFFERENTIAL GEAR

150: MOTION SECTION

160: BODY SECTION

170: CAMERA MODULE

180: BUFFERING SECTION

190: BUFFERING ADJUSTER

200: ROBOT USING MULTI-OUTPUT DIFFEREN-
TIAL GEAR ACCORDING TO SECOND EXEM-
PLARY EMBODIMENT

220: DIFFERENTIAL GEAR

230: FIRST DIFFERENTIAL GEAR

240: SECOND DIFFERENTIAL GEAR

250: MOTION SECTION

260: BODY SECTION

280: BUFFERING SECTION

290: BUFFERING ADJUSTER

What is claimed is:

1. A robot using a multi-output differential gear, the robot

comprising:

a driver;

a differential gear assembly configured to receive a driving
power from the driver, receive at least one external resis-
tance, and drive in an interlocked manner with the driv-
ing power to generate a plurality of outputs differenti-
ated from the driving power, the differential gear
assembly comprising:
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a first differential gear set configured to receive the driv-
ing power from the driver and comprising

a first output gear configured to generate a first output
among the plurality of outputs having a different
rotary speed from the driver when receiving a first
external resistance among the at least one external
resistance,

a middle gear configured to drive in an interlocked
manner with the first output gear to generate a
middle output among the plurality of outputs, and

a second differential gear set configured to receive the
middle output from the first differential gear set and
comprising

a second output gear configured to generate a second
output among the plurality of outputs having a dif-
ferent rotary speed from the middle output when
receiving a second external resistance among the at
least one external resistance, the second output gear
comprising sawteeth in its inner circumference,

a plurality of second epicyclic gears engaging the
inner circumference of the second output gear and
driving in an interlocked manner with the second
output geat,

a third output gear configured to drive in an inter-
locked manner with the second output gear to gen-
erate a third output among the plurality of outputs
having a different rotary speed from the second
output, the third output gear comprising sawteeth
in its inner circumference, and

a third epicyclic gear engaging the second epicyclic
gear and an inner circumference of the third output
gear at the same time to rotate in an interlocked
manner with the second epicyclic gear and third
output gear; and

at least one motion section configured to drive in an inter-

locked manner with a respective output among the plu-
rality of outputs generated from the differential gear
assembly, and to apply a respective external resistance
among the at least one external resistance to the differ-
ential gear assembly.

2. The robot according to claim 1, wherein the first output
gear is provided with sawteeth in its inner circumference, the
middle gear is provided inside of and distanced from the first
output gear, and the first differential gear set further com-
prises a plurality of first epicyclic gears configured to engage
the inner circumference of the first output gear and an outer
circumference of the middle gear at the same time.

3. The robot according to claim 2,

further comprising a buffering section between each

motion section among the at least one motion section
and the differential gear assembly, the buffering section
configured to adjust a distance between the respective
motion section and the differential gear assembly in
order to keep the respective motion section contacting a
motion surface.

4. The robot according to claim 3,

further comprising a buffering adjuster interlocked with

the buffering section and configured to adjust an initial
distance between the respective motion section and the
differential gear assembly.

5. The robot according to claim 1,

wherein at least one of the first output gear, second output

gear, and third output gear is provided with sawteeth in
its outer circumference, and

the sawteeth provided in an outer circumference of at least

one of the first output gear, second output gear, and third
output gear drive in an interlocked manner with arespec-
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tive motion section among the at least one motion sec-
tion to receive the respective external resistance.

6. The robot according to claim 5,

further comprising a buffering section between each
motion section of the at least one motion section and the
differential gear assembly, the buffering section config-
ured to adjust a distance between the respective motion
section and the differential gear assembly in order to
keep the respective motion section contacting a motion
surface.

7. The robot according to claim 6,

further comprising a buffering adjuster interlocked with
the buffering section and configured to adjust an initial
distance between the respective motion section and the
differential gear assembly.

8. The robot according to claim 1,

wherein the at least one motion section comprises a first
motion section configured to drive in an interlocked
manner with the first output gear and apply the first
external resistance to the first output gear, a second
motion section configured to drive in an interlocked
manner with the second output gear and apply the sec-
ond external resistance to the second output gear, and a
third motion section configured to drive in an inter-
locked manner with the third output gear and receive the
third output from the third output gear.

9. The robot according to claim 8,

wherein the first, second and third motion sections are
distanced by 120° from one another around a central axis
of the differential gear assembly.

10. The robot according to claim 8,

wherein at least one of the first motion section, second
motion section, and third motion section comprises a
pair of motion sections extended from an outer surface
of the differential gear assembly and distanced from
each another along a longitudinal direction of the differ-
ential gear assembly.

11. The robot according to claim 1,

further comprising a body section mounted to an outer
surface of the differential gear assembly to protect the
differential gear assembly.

12. The robot according to claim 11,

further comprising a camera module mounted to a front
portion of the body section.

13. The robot according to claim 1,

further comprising a buffering section between each
motion section of the at least one motion section and the
differential gear assembly, the buffering section config-
ured to adjust a distance between the respective motion
section and the differential gear assembly in order to
keep the respective motion section contacting a motion
surface.

14. The robot according to claim 13,

further comprising a buffering adjuster interlocked with
the buffering section and configured to adjust an initial
distance between the respective motion section and the
differential gear assembly.

15. A robot using a multi-output differential gear, the robot

comprising:

a driver;

a differential gear assembly configured to receive a driving
power from the driver, and to drive in an interlocked
manner with the driving power to generate a plurality of
outputs differentiated from the driving power, the differ-
ential gear assembly comprising:
afirst differential gear set configured to receive the driv-

ing power from the driver and comprising
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a first output gear configured to generate a first output
among the plurality of outputs having a different
rotary speed from the driver when receiving a first
external resistance,

a middle gear configured to drive in an interlocked
manner with the first output gear to generate a
middle output among the plurality of outputs, and

a second differential gear set configured to receive the
middle output from the first differential gear set and
comprising

a second output gear configured to generate a second
output among the plurality of outputs having a dif-
ferent rotary speed from the middle output when
receiving a second external resistance, and

a third output gear configured to drive in an inter-
locked manner with the second output gear to gen-
erate a third output among the plurality of outputs
having a different rotary speed from the second
output;

a first motion section configured to drive in an interlocked
manner with the first output gear and apply the first
external resistance to the first output gear;

a second motion section configured to drive in an inter-
locked manner with the second output gear and apply the
second external resistance to the second output gear; and
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a third motion section configured to drive in an interlocked
manner with the third output gear and receive the third
output from the third output gear,

wherein the first, second and third motion sections are
distanced by 120° from one another around a central axis
of the differential gear assembly.

16. A robot using a multi-output differential gear, the robot

comprising:

a driver;

a differential gear assembly configured to receive a driving
power from the driver, and to drive in an interlocked
manner with the driving power to generate a plurality of
outputs differentiated from the driving power;

at least one motion section configured to drive in an inter-
locked manner with a respective output among the plu-
rality of outputs generated from the differential gear
assembly, and to apply at least one external resistance to
the differential gear assembly;

a body section mounted to an outer surface of the differen-
tial gear assembly to protect the differential gear assem-
bly; and

a camera module mounted to a front portion of the body
section.



